Introduction: Myocardial infarction is the acute event that causes morbidity and mortality in patients with coronary artery disease. Currently early reperfusion (restoration of normal coronary flow) remains the mainstay of treatment for those suffering an acute myocardial infarction. However, reperfusion also causes injury to heart muscle in what is termed ''lethal reperfusion injury.'' Therefore, a major aim of our research is to find ways to reduce lethal reperfusion injury. Exosomes from stem cells have been shown to protect the heart. We hypothesized that endogenous plasma exosomes can communicate signals to the heart and provide protection against ischemia and reperfusion injury, and we examined the mechanism of this protection. Methods: We isolated exosomes from rat and human plasma and characterized them by electron micrography, nanoparticle tracking analysis and Western blot analysis. We tested cardioprotection using an in vivo rat model of myocardial infarction, as well as in an isolated, perfused rat heart model, and in isolated cardiomyocytes subject to hypoxia and reoxygenation. We investigated the cardioprotective signalling pathway using Western blot analysis and specific inhibitors. Results: Plasma exosomes were cardioprotective in all models tested. Cardioprotection was blocked by neutralizing antibody against HSP70 on the exosome surface and by inhibitors of TLR4 and ERK1/2 protein kinase. Cardioprotection correlated with phosphorylation of heat shock protein HSP27. Conclusions: Plasma exosomes are able to activate TLR4 in cardiomyocytes, leading to ERK1/2-mediated phosphorylation of the protective heat shock protein HSP27, which protects cells from ischemia and reperfusion injury.
Introduction: Myocardial infarction is the acute event that causes morbidity and mortality in patients with coronary artery disease. Currently early reperfusion (restoration of normal coronary flow) remains the mainstay of treatment for those suffering an acute myocardial infarction. However, reperfusion also causes injury to heart muscle in what is termed ''lethal reperfusion injury.'' Therefore, a major aim of our research is to find ways to reduce lethal reperfusion injury. Exosomes from stem cells have been shown to protect the heart. We hypothesized that endogenous plasma exosomes can communicate signals to the heart and provide protection against ischemia and reperfusion injury, and we examined the mechanism of this protection. Methods: We isolated exosomes from rat and human plasma and characterized them by electron micrography, nanoparticle tracking analysis and Western blot analysis. We tested cardioprotection using an in vivo rat model of myocardial infarction, as well as in an isolated, perfused rat heart model, and in isolated cardiomyocytes subject to hypoxia and reoxygenation. We investigated the cardioprotective signalling pathway using Western blot analysis and specific inhibitors. Results: Plasma exosomes were cardioprotective in all models tested. Cardioprotection was blocked by neutralizing antibody against HSP70 on the exosome surface and by inhibitors of TLR4 and ERK1/2 protein kinase. Cardioprotection correlated with phosphorylation of heat shock protein HSP27. Conclusions: Plasma exosomes are able to activate TLR4 in cardiomyocytes, leading to ERK1/2-mediated phosphorylation of the protective heat shock protein HSP27, which protects cells from ischemia and reperfusion injury.
Invadolysin Á an odyssey from chromosomes to lipid droplets to serum protease Margarete Heck
Centre for Cardiovascular Science, Queen's Medical Research Institute, University of Edinburgh, Edinburgh, UK We have utilized Drosophila as a model system to identify novel and conserved genes essential for progression through the cell cycle and normal cellular physiology. Invadolysin is a zinc-metalloprotease that we have shown to link cell division and cell migration in D. melanogaster (1) . Invadolysin localizes to lipid droplets in mammalian cell lines, and Drosophila invadolysin mutants have a decreased triglyceride:protein ratio (2) . Invadolysin additionally interacts with mitochondrial ATP synthase subunits (3) and plays a role in angiogenesis (4) . As many proteases function in catalytic pathways, it is intriguing that the first genetic interactor of invadolysin is an ubiquitin protease Á targeting histone H2B, and thereby linking to the chromosome defects we observe (5). Invadolysin is the first metalloprotease localized to lipid droplets, and physiological functions remain at this point speculative. We have very recently discovered that a secreted form of invadolysin is present in vertebrate serum and Drosophila hemolymph. As the gene is essential for life, we hypothesize that the secreted form of invadolysin may be playing a role crucial to normal physiology. We aim to discover whether invadolysin is present in a particular serum compartment (such as exosomes or microvesicles) and whether proteolytic activity for invadolysin can be detected. Should activity be detected, we can begin to ask questions pertaining to the regulation of localization, levels and activity. Importantly, we will be able to address whether this novel form of invadolysin serves as a potential biomarker for any human disease states.
Introduction: Microvesicle levels are altered in patients with cardiovascular disease. We investigated circulating microvesicle levels during cardiac stress in individuals undergoing stress echocardiography, for the diagnosis of coronary artery disease. Methods: Circulating microvesicles were measured by flow cytometry and a functional coagulation assay before, during and after a stress echocardiogram procedure. Differences in microvesicle were determined between individuals with and without inducible ischaemia, and those with and without vascular disease. Results: Microvesicles derived from platelets, erythrocytes and endothelial cells were elevated immediately following the stress echocardiogram. These elevated levels, in most cases, were cleared within 1 h. Those patients who developed stress-induced myocardial ischemia, had similar baseline microvesicle levels to other participants but, interestingly, their microvesicle levels did not alter during stress. No stress-induced increase in microvesicles was seen in those with a history of vascular disease or in patients with a confirmed diagnosis by angiography. Conclusions: Microvesicles are released into the circulation during cardiac stress and are subsequently cleared quickly from the circulation, suggesting effective clearance mechanisms. This cardiac stressinduced release appears to be a normal response, which is diminished in those with vascular disease. Future work will examine the protein and miRNA content of these elevated microvesicles. We are extending this project into a multicentre study with a minimum of 400 participants to determine the clinical utility of measuring microvesicles during stress echocardiogram. We are also determining the impact of exercise-induced cardiac stress on circulating microvesicles in healthy individuals and in those with hypertension.
We are interested in investigating the regulatory mechanism of the molecular and cellular control of inflammasome activation during cardiovascular disease development. Recent understanding of the pathophysiology of cardiovascular diseases such as atherosclerosis and post-ischemic injury, suggests a major contribution of pathogen-free sterile inflammation in general, and inflammasome activation in particular, to disease development and complications. The inflammasome is a large multiprotein complex, which plays a key role in innate immunity through the production of the proinflammatory cytokines IL-1b and IL-18. Activation of inflammasome pathway induces the release of extracellular vesicles. Delineating inflammasome pathways will provide insight into cardiovascular disease pathogenesis and might lead to identification of potential targets for therapeutic intervention. By identifying novel players, we further validated their roles both in fundamental cellular pathways and in our established disease models, including atherosclerosis and post-ischemic injury. Introduction: Vascular calcification is a common complication in patients with renal failure or diabetes type 2. Our previous work has shown that exosomes secreted by vascular smooth muscle cells (VSMCs) play a role in mediating vascular calcification by forming the first nidus for mineral deposition. Importantly, the mechanisms regulating exosome secretion and cargo loading are still largely unknown. In the present study, we tested if the cell cytoskeleton is implicated in exosome secretion by VSMCs. Methods: Exosomes were isolated from VSMCs using differential centrifugation and analyzed by western blotting. Late endosomes/multicesicular bodies and actin filaments were visualized in live VSMCs by cell transfection with DNA vectors encoding CD63-GFP and Tractin-RFP, respectively. VSMCs were imaged by time-lapse acquisition of optically-sectioned z-volumes captured using spinning disk confocal microscopy (Nikon) and by scanning electron microscopy (SEM)-/Focused Ion Bean (Carl Zeiss Á Auriga). Results: Analysis of isolated exosomes revealed enrichment of actin but not tubulin or vimentin indicating that exosomes may be formed in the vicinity of the actin cytoskeleton. Moreover, we observed colocalization between CD63-positive organelles and F-actin filaments. Disassembly of the actin cytoskeleton triggered exosome secretion by VSMCs whilst inhibition of ROCK kinase using Y27632 inhibited exosome secretion. Importantly, we observed the transport of CD63-positive organelles along F-actin filaments. In addition, SEM revealed outward budding vesicular structures at the VSMCs surface aligning with cytoskeletal filaments. Summary/Conclusions: Together these data suggest that actin cytoskeletal dynamics is important for exosome secretion and may represent a novel target for preventing vascular calcification. Introduction: Loss of function mutations in the bone morphogenetic protein receptor type-II (BMPR-II) are implicated in heritable pulmonary arterial hypertension (PAH). In a proteomic screen, we identified that the anti-apoptotic protein, translationally controlled tumour protein (TCTP), may be implicated in the development of PAH. In addition, we found that blood outgrowth endothelial cells (BOECs) from PAH patients harbouring BMPR-II mutations release more extracellular vesicles (EVs) compared to cells from healthy donors. We hypothesize that ECs from patients with PAH release greater numbers of EVs that contain TCTP contributing to altered smooth muscle cell (SMC) proliferation. Methods: EVs were isolated by sequential centrifugations. The role of TCTP in proliferation, migration and apoptosis was investigated using short interfering RNA (siRNA) for TCTP in BOECs. TCTP plasma levels were evaluated by ELISA in control and PAH patients, and in monocrotaline-treated rats (an animal model of PH). Results: BOECs from PAH patients with mutations in BMPR-II expressed higher levels of TCTP and released more EVs than control-BOECs. Moreover, TCTP was detected within the EVs released from BOECs, mainly exported via exosomes and to a lower extent within microparticles. Exosome transfer between BOECs and SMCs was observed followed by an increase in TCTP protein levels in SMCs. Knockdown of BMPR-II by siRNA in controlBOECs resulted in an increase in TCTP expression, indicating that enhanced TCTP expression observed in the PAH-BOECs is likely due to impaired BMPR-II expression. Interestingly knockdown of BMPR-II also caused a dramatic reduction in miR-27b, a microRNA known to regulate TCTP expression. We also found that loss of TCTP in controlBOECs led to changes in morphology, increased apoptosis, reduced proliferation and defects in migration directionality. Interestingly, plasma levels of TCTP were significantly decreased both in PAH patients as well as in MCT rats compared to controls. Conclusions: We propose that the balance between TCTP production and release into EVs from the endothelium could be critical for the prevention of pulmonary vascular remodelling. Our data suggest that TCTP is transferred between cells via exosomes, and in PAH TCTP levels increase specifically in the lungs at the expense of plasma levels. Introduction: Low-density lipoproteins (LDL) induce platelet hypersensitivity to agonists that initiate platelet activation, degranulation, vesiculation and aggregation. LDL increase free cytoplasmic calcium concentration (Ca 2' ) in platelets, but receptor mediating this Ca 2' signalling is not yet known. LDL-induced Ca 2' signalling in smooth muscle cells was shown to be mediated by T-cadherin (T-cad). An increase in the Ca 2' concentration triggers the release of extracellular vesicles. Platelet-derived microvesicles (PMV) constitute the major fraction of MV in the circulating plasma and contribute to cardiovascular diseases. The aim of this study was to analyze T-cad on platelets and PMV. Methods: For identification and characterization T-cad on platelets, we used flow cytometry and immunoblotting with different antibodies. Localization T-cad on resting, activated platelets and PMV was analyzed by confocal microscopy. Lysates from thrombin-stimulated platelets (0, 2, 4 min) and vesicle fraction were immunoblotted with anti-T-cad antibody. We used flow cytometry for studying annexin-V positive PMV and quantifying T-cad on a surface single platelet or vesicle. Results: We have shown for the first time that T-cad is expressed on a surface of resting, activated platelets and PMV. Platelets treatment with phosphatidylinositol-specific phospholipase C decreased T-cad quantity proving GPI-anchorage of T-cad. Molecular weight of platelet expressed T-cad was found to be significantly higher than it had been shown for nucleated cells. After activation there was a decrease of T-cad in the platelet lysates and its accumulation in the releasate PMV. Stimulation increased surface expression of T-cad on platelets and PMV indicating its translocation to the surface and shedding. Summary/Conclusions: Platelets and PMV express T-cad which can mediate vesicles formation via Ca 2' mobilization.
TCTP, exosomes and pulmonary arterial hypertension
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This work was supported by the Russian Science Foundation 14-24-00086. Introduction: In this preliminary study, we aimed to test applicability of nanoparticle tracking analysis (NTA) to estimate production of vesicles by tumour cells of different origin. Methods: For in vitro experiments, we used a panel of human tumour cells of different origin: MIA PaCa (pancreatic carcinoma), LN229 (glioblastoma), U87 (glioblastoma), A375 (melanoma), HT1080 (fibrosarcoma). Prior to medium collection, cells were washed twice with serum-free medium and cultivated for 48 h in serum-free medium with the addition of recombinant epithelial growth factor. To estimate extracellular vesicles (EVs) production by tumour cells in vivo, we compared blood (plasma and serum) samples before and after removal of tumour, in patients diagnosed with lung adenocarcinoma. NTA assay was performed at Nanosight LM10 instrument with 405 nm laser and EMCCD camera. MicroRNA were isolated using NucleoSpin miRNA columns and quantified with RiboGreen reagent. Results: We found that different cell lines are characterized by significantly different levels of nanoparticles production. While A375 melanoma cells displayed the lowest concentration of nanoparticles in conditioned medium (1.2)10 9 part./ml), U87 glioblastoma cells production levels were an order of magnitude higher (1.2)10 10 part./ml). These results are in good agreement with literature data about exosomes production in given cell lines. In case of blood samples, we discovered significant decrease of nanoparticles concentration in both plasma and serum fractions after removal of the tumour: from 1.6 )10 13 part./ml in pre-operative samples to 6)10 12 part./ml in post-operative samples. Importantly, nanoparticles concentration correlated to the amount of microRNA extracted from those samples, which confirms that major part of nanoparticles correspond indeed to EVs such as exosomes. Conclusions: Our results support the concept of using NTA as simple direct approach to estimate cell production of EVs both in vitro and in vivo. However, additional assays using specific markers are required to demonstrate contribution of different types of vesicles in the mixed population of nanoparticles measured.
Cell-surface-bound and cell-free exosomes in blood of healthy and breast cancer women Svetlana Tamkovich Introduction: Microvesicles release by neoplastic cells were found in blood and carrying a large number of tumour distinctive molecules, like miRNA/mRNA, proteins. Considering extensive surface of blood cells, we wonder if exosomes are circulated exclusively in plasma or could be associated with surface of blood cells. Methods: Microvesicules circulating in blood of healthy women (HW) and breast cancer patients (BCP) were studied. Blood was fractionated into plasma and cellular fractions; in order to release cell surface bound material blood cells were treated as it was described for cell-surfacebound (CSB) cirDNA (1). Exosomes were pelleted at 100,000 g from 0.1 mm filtered supernatants obtained by plasma and CSB eluates centrifugation at 17,000 g, resuspended in PBS and stored in aliquots at (808C. Size distribution of the microparticles was characterized by TEM (Jeol, Japan), anti CD-63, CD-24, CD-9 antibodies (BD Biosciences, USA) were used as exosome markers, protein concentration was measured by NanoOrange Protein Quantitation kit (Molecular Probes, USA), total RNA and miRNA were isolated by mirVana kit, 28S rRNA were quantified by RT-qPCR after reverse transcription with 6-mer random primers, miRNA using TaqMan Small RNA Assays kit (Applied Biosystems, USA). DNA was isolated using ''DNA Isolation Kit'' (BioSilicaLtd, Russia) and measured by TaqMan multiplex real-time PCR for LINE1 and a-satellite repeats (2) . Results: TEM with immunogold labelling demonstrates presence of exosomes in 30Á100 nm membraneÁwrapped particles isolated from both plasma and CSB eluates. TEM, NanoOrange and 28S rRNA RT-qPCR data demonstrate that CSB exosomes constitutes 2/3 of total blood exosomes. Exosomes ranged 50 }70 nm prevail in blood of BCP, whereas 30 }50 nm exosomes in blood of HW. Exosomal DNA is less than 0.3% of cell-free blood DNA. RNA integrity and specific quantity checked by Bioanalyzer (Agilent Technologies, USA) do not differ in cell-free and CSB exosomes. Preliminary data demonstrate overpresentation of cancer-specific miRNA (miR-103, miR-191, miR-195) in exosomes bound with erythrocyte's as compared with exosomes bound with leukocytes or circulating in plasma. Summary: Exosomal DNA obviously do not have any diagnostic value in contrast to RNA. CSB exosomes represent valuable source of material for small-invasive cancer diagnostics. Introduction: The NK-cells and ascites-derived exosomes as regulators of NK-cells activity in ovarian cancer may be important for peritoneal metastases formation. The role of tumour cell motility in invasion and metastasis is of great importance. The remodelling of actin cytoskeleton plays a central role in tumour invasion and is regulated by actin binding proteins and p45-Ser-b-catenin. The purpose of our investigation was to study the some aspects of ovarian cancer peritoneal canceromatosis related with exosomes and motilityassociated proteins. Methods: The study included 30 patients with early and advanced high Grade serous ovarian carcinomas. Samples of primary tissue, peritoneal metastases, ascites and blood were obtained during surgery. We evaluated expression of actin binding proteins and p45 Ser beta-catenin in primary tumour and tumour metastases by Western blotting and flow cytometry. Flow cytometric quantitation of NK-cells in blood and ascites was performed. Results: We revealed decrease of p45 Ser b-catenin expression in tumour metastases compared to primary tumour. During ovarian cancer metastasis changes in expression of actin binding proteins were various: Arp3 level increased in series: early ovarian cancer Á advanced ovarian cancer (primary tumour) Á peritoneal metastases. The gelsolin and cofilin-1 levels were decreased in tumour metastases compared to primary tumour. The level of thymosin b-4 was reduced in primary tumour tissues and tumour metastases tissues compared to non-transformed tissue. Several cancer models Abstracts demonstrate the implication of tumour-derived exosomes in cancer immunity including function of NK-cells. In our study in blood of most ovarian cancer patients, NK-cells were not found, or the number of NK-cells was low (from 0 to 5%). In ovarian cancer patients, nearly all NK-cells from peripheral blood were CD107' but they did not express granzyme B and perforin. In ascitic fluid 20Á45% of all CD45' cells were NK-cells, they were mainly activated (65% Á CD107') and expressed perforin and granzyme B in most cases. Conclusions: Perspective study of exosomes in ovarian cancer will clarify the molecular aspects of regulation NK-cell activity by exosomes in blood and ascites. This work was supported by the Russian Foundation for Basic Research (grant number 13-04-00169a). Introduction: The development of stem cell-based therapies to repair the central nervous system (CNS) represents a great challenge in the field of regenerative medicine. Neural stem/precursor cells (NPCs) were shown to protect the CNS from chronic degeneration induced by inflammation. While it was first assumed that NPCs directly replace damaged cells, it is now becoming evident that they are able to protect the CNS via a number of bystander mechanisms, possibly involving the exchange of EVs with the microenvironment. Methods and Results: Applying RNA-seq and MS/MS combined with SILAC, we provide a comprehensive characterization of molecules trafficked by EVs. Interestingly, we found highly specific induction of IFN-g pathway in NPCs exposed to Th1 cytokines that is mirrored in EVs. To understand the functional potential of these vesicles, we employed a combination of microarrays and MS/MS-SILAC on target cells exposed to EVs. Interestingly, we found that the Th1 EVs induced the same changes found in NPCs, resulting in the activation of the IFN-g pathway in target cells. To better define the relative contribution of the different IFN-g pathway components, we generated NPCs from mice lacking Stat1, Ifngr1 or Ifngr2. We found that only Ifngr1 on EVs is indispensable to transfer IFN-g to target cells. Also we demonstrated that endogenous Stat1 and Ifngr1 in target cells are required to sustain the activation of IFN-g pathway by EV-associated IFN-g/Ifngr1 complexes. Conclusions: Taken together, these results demonstrated that NPC-derived EVs use Ifngr1 to recycle and deliver IFN-g only to fully equipped target cells, highlighting their innate selectivity potential. Our study identifies a novel mechanism of cell-to-cell communication by which NPCs may signal with the microenvironment. This is potentially relevant both in physiological conditions and in the context of neurodegenerative diseases, where grafted stem cells may use EVs to communicate with the host immune system. 
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MicroRNAs function to regulate gene expression through inhibiting translation of target mRNAs. One example, recently published, is that specific miRNA are transferred by Tregs to Teffs via exosomes, leading to gene regulation in the latter cell type. Whether Treg cells regulate DC function via exosomes-containing miRNA has yet to be elucidated. Methods and Results: To address this, a miRNA array was conducted on both cell types and several murine Treg miRNA specific for each cell type were identified. Interestingly, following coculture of Tregs and DCs, expression of several Treg-specific miRNA increased in DCs. To confirm that this was mediated via the release of and the acquisition of exosomes released by Tregs, we profiled the miRNA expression in Treg-derived exosomes using a QuantStudio 12K Flex Real time PCR system. Several miRNA were identified as being highly expressed in Treg-derived exosomes, and some of these were found to be increase in DCs following co-culture with Tregs. Conclusions: Our data suggest that intercellular transfer of miRNA via exosomes may be a novel mechanism of Treg regulation of DC function. Introduction: Despite graft-versus-host disease (GvHD) being a major complication of allogeneic hematopoietic stem cell transplantation (HSCT), no biomarkers are routinely used in the clinic to aid early detection. MicroRNAs are small RNAs that repress translation. They are present in body fluids, including within exosomes, and have been associated with immune function. Methods: Six microRNAs (miR-146a, miR-155, miR-423, miR-199a-3p, miR-93* and miR-377) were investigated in total serum (n034) and serum exosome (n015) samples from HSCT patients every 7 days pre to post-HSCT [day-7 (D-7) to D28] by TaqMan † qRT-CPR. Results: The training cohort comprised 7(21%) sibling and 27(79%) matched unrelated donor allogeneic peripheral blood stem cell transplants. Nineteen (56%) patients developed acute GvHD (aGvHD). MiR-146a (p 00.02), miR-199 (p 00.02) and miR-423 (p 00.03) were expressed at a higher level at D14 in patients who developed aGvHD versus no GvHD. Higher expression at D14 was validated in an independent cohort (n047) (miR-146a p00.05, miR-199 p00.01 and miR-423 p 00.02) and was significantly associated with aGvHD development by ROC (miR-146a p00.05, AUC 00.67; miR-199 p00.02, AUC00.70; miR-423 p00.02, AUC00.70). MiR-146a (p 00.003), miR-199 (p 00.004) and miR-423 (p 00.03) were expressed at higher levels in patients who did not receive reduced intensity conditioning. A subset of patients (n015) were assessed for microRNA expression within serum exosomes. MiR-155 (p 00.06), miR-146a (p 00.06) and miR-93* (p 00.01) expression at D14 was lower in patients who developed aGvHD versus no GvHD. MiR-155 and miR-146a results were validated in an independent cohort (n047) (miR-155 p 00.01 and miR-146a p00.02) and associated with aGvHD development by ROC (miR-155 p 00.09, AUC00.64; miR-146a p00.05, AUC00.69). At D14, miR-155 (p00.008), miR-146a (p 00.03) and miR-93* (p 00.007) expression was higher in exosomes compared to whole serum for patients who did not develop aGvHD. Conclusions: This study indicates the potential of serum and exosome microRNAs as biomarkers for GvHD. MicroRNAs expression was higher in exosomes compared to total serum, suggesting potential biological activity during aGvHD development. Identifying the function of these microRNAs, as well as their role within exosomes, may advance understanding of GvHD pathobiology. Despite of extensive information about OMVs biogenesis available, this process is still not enough clear. Gramnegative bacterium Lysobacter sp. XL1 forms OMVs containing bacteriolytic endopeptidase L5, Á 1 of 5 bacteriolytic enzymes secreted by this microorganism. Knowledge about OMVs biogenesis by bacteria of Lysobacter genus is rather restricted. Methods were used: fractionation of OMVs using sucrose density gradient centrifugation, electronic microscopy including immunocytochemistry with the protein A-gold, SDS-PAG electrophoresis, Western blotting assay, protein and 2-keto-3-deoxyoctonate assays, thinlayer chromatography, determination of lytic OMVs action. Fractionation OMVs enabled the 4 fractions to be obtained. Enzyme L5 was found to be localized inside of the lightest OMVs fraction. This fraction differed in size and protein composition from the other ones. Furthermore, protein L5 molecules were collected in certain loci of bacterial outer membrane. The OMVs were produced from these loci. In this way, secreted enzyme L5 involves biogenesis of OMVs produced by Lysobacter sp. XL1. The phospholipid assay showed that OM contained cardiolipin, phosphatidylethanolamine, phosphatidylglycerol. Interesting result was obtained for OMVs that contained only one major phospholipid, Á cardiolipin. Thereby, OMVs of Lysobacter sp. XL1 were formed from loci enriched with cardiolipin. Furthermore, OMVs containing protein L5 were shown to lyze broad range of opportunistic and pathogenic bacteria including strains with multiple resistances to antibiotics. Thus, in this work was established the influence of secreted protein L5 and acidic phospholipid, Á cardiolipin, on biogenesis of OMVs produced by Lysobacter sp. XL1. These data will supplement the understanding of OMVs biogenesis produced by Gram-negative bacteria. The results obtained from the study of bacteriolytic effect of OMVs are the basis for development of artificial vesicular structures Á liposomes Á containing bacteriolytic enzymes of Lysobacter sp. XL1 as a new effective antimicrobial preparation. Two types of extracellular vesicles (EVs) released by Gram-negative and Gram-positive bacteria are described. Two bacterial strains with the ability to release membrane vesicles with different genesis into the extracellular space are isolated from several natural biotops: Gram-positive bacteria Micrococcus yuannanensis strain JS1 with the pronounced lipolytic activity and Gram-negative bacteria Stenotrophomonas acidaminiphila strain FM3 with antimicrobial activity against a wide spectrum of bacteria. The objective of this work was to carry out a complex electron microscopic study in combination with electron-microscopic cytochemistry of the nature, mechanisms and peculiarities of vesicle formation, and simulate vesicle involvement in the processes of intermicrobial antagonistic interaction. The cells of strain JS1 formed the cytoplasmic membrane vesicles (CMV) in local zones adjacent to the cytoplasmic membrane being of narrow ''pocket'' shape, which penetrate stepwise (presumably through passive diffusion) via a thick murein (peptidoglycan) layer through the cell wall and immobilizing after that on the surface of the fibrils of a loose fibriller capsule. It is found out that strain JS1 has a strongly pronounced lipolytic activity, using effectively Twin 20, 40, 60 and 80 as a carbon source. We hypothesize that lipolytic enzymes can be encapsulated in the extracellular CMV. The envelope of the cells of strain FM3 is characterized by the presence of S-layer with tetragonal symmetry. The cells strain FM3 formed the outer membrane vesicle (OMV), which are incorporated into the peculiar S-layer's tubular structures. It was shown that strain FM3 is able to suppress growth of a series of Gram-negative and Gram-positive bacteria. The structures which are formed with these microorganisms may play a role of a ''bridge,'' those directly transporting antimicrobial agents of unknown nature in the vesicle composition from the producer cell to the victim cell. These pieces of evidence point to the possible use of strains JS1 and FM3 for further exploration of various types of biogenesis of EVs in the bacteriaproducers of biologically active substances and subsequent estimation of their biotechnological potential. Introduction: Extracellular vesicles (ECVs) are found in the urine and originate from all regions of the nephron (1). The method, selectivity and pathological role of ECV internalization in vivo is not unequivocally agreed. We hypothesize ECVs can transfer functional RNA and protein along the nephron, contributing to the pathogenesis of nephrotoxic disease. Methods: Using nanoparticle tracking analysis (NTA), we developed an antibody-specific fluorescent labelling method allowing rapid quantification of particles, bypassing ultracentrifugation. This method has been adapted to allow us to characterize the uptake and secretion of ECVs. In vitro functional readouts are used to investigate urinary ECVs pathological role.
Results: Using antibody-specific fluorescent labelling, the presence of exosome-sized particles with known urinary exosomal markers confirms that NTA can be utilized to rapidly quantify ECVs without time-consuming sample processing (2) . Previous work in our group has shown vasopressin modulates the AQP2 water membrane channel content of ECVs (3) . By employing fluorescent labelling,
we were able to demonstrate vasopressin regulation of AQP2 expression in vitro and in vivo. To further elucidate the regulatory mechanisms involved of ECV signalling in the kidney, we have now shown that vasopressin-dependent ECV uptake is a cyclic-AMP, clathrin-dependent, receptor-mediated response. ECVs isolated from apoptotic cells protect recipient cells against subsequent druginduced apoptosis. Interestingly, ECVs from severely injured cells increase apoptosis of healthy cells. Prior inhibition of dynamindependant endocytosis nullifies both these responses. Summary: ECVs can transfer functional RNA and protein along the length of the nephron modulated by hormonal stimulation, and its pathological role is multifaceted. These findings raise the possibility of urinary ECVs as potential therapeutic delivery agents.
Introduction: Exosomes derived from all nephron segments are present in human urine, where their function is unknown. Although one report suggested in vitro uptake of exosomes by renal cortical collecting duct cells, most studies of human urinary exosomes have focused on biomarker discovery rather than exosome function. Methods: Urinary exosomes were isolated from healthy volunteers. In-depth proteomic analysis was performed on each individual sample. For bacterial growth analysis luciferase-expressing commensal and pathogenic E. coli strains were exposed to urinary exosomes, and sequential luminescence readings were obtained. The effect of exosomes on bacterial integrity was evaluated by scanning EM. The microRNA repertoire of urinary exosomes was identified using MiSeq analysis from miRNA enriched samples obtained from 3 different pools of healthy volunteers. Results: In-depth proteomic and electron-microscopic analysis showed that normal human urinary exosomes are significantly enriched for innate immune proteins that include antimicrobial proteins and peptides, and a variety of bacterial and viral receptors. Urinary exosomes potently inhibited growth of uropathogenic and commensal E coli, and induced bacterial lysis. Bacterial killing was maximal with preserved exosomal structural integrity, and occurred optimally at the acidic pH typical of urine from omnivorous humans. EM showed clear evidence of exosome-induced bacterial lysis. Organisms incubated with exosomes for 15 min showed an increased proportion of lysed phenotypes to 56% versus 2% compared with control samples. A list of 289 mature miRNAs and precursors was identified in urinary exosomes. Conclusions: Human urinary exosomes are innate immune effectors that contribute to host defence within the urinary tract. This fact makes identifying factors that modulate exosomal release and constitution key priorities for future work and may reveal potential therapeutic targets for the treatment
The incidence of blood vessel disease and heart disease is common in patients in chronic kidney disease (CKD). This is partly mediated by an increase in serum inorganic phosphate (Pi) (hypophosphatemia) which is a universal finding in CKD. Microparticles (MPs) are sub-micron membrane sized particles released from cells upon cell activation or apoptosis. We hypothesized that hypophosphatemia results in an increase in intracellular Pi concentration in endothelial cells (ECs) which inhibits phosphoprotein phosphatases and enhances global protein-(Tyr,Ser/Thr)-phosphorylation. The increase in protein phosphorylation results in cell activation and release of pro-coagulant MPs from ECs. Scanning electron microscopy (SEM) demonstrated that hypophosphatemia enhances cell surface membrane blebbing. Transmission electron microscopy (TEM) indicated that these MPs are between 100 and 200 nm in diameter. NanoSight nanoparticle tracking analysis (NTA) detected a significant sub-micron particle release from ECs under hyperphosphatemic conditions. Flow Cytometry demonstrated the expression of phosphatidylserine and VE-CD144 on Pi-derived MPs. Using a selective colorimetric assay (based on phosphomolybdate complex formation) cell layer Pi demonstrated an increase under hyperphosphatemic conditions. In vitro measurements of the catalytic activity of Phospho-TyrosineProtein-Phosphatases indicated that Pi inhibits the catalytic activity of these enzymes. Western blotting demonstrated that there is a significant increase in net cellular protein phosphorylation in ECs under hyperphosphatemic conditions. Using an Automated Thrombin Generation Assay (TGA), high-Pi-derived MPs have been shown to be significantly more pro-coagulant comparing to matched controls. It is concluded that in ECs under Pi-stress there is an elevated level of pro-coagulant MP release. This is important as this provides a link between hyperphosphatemia, MP formation and thrombosis in uremic cardiovascular disease. Introduction: High local density of a ligand on a microvesicle surface stimulates clustering of corresponding receptor on a cell surface.
Receptor clustering has diverse effects on its signalling, and reasons for this diversity are poorly understood. Generation of extracellular microvesicles either from exocytosis or from plasma membrane (PM) shedding is a result of cytoskeleton rearrangement that is likely to be dependent on receptor clustering. Methods: We have analyzed effects of receptor cluster size on its signalling for EphA2 receptor and GPI-anchored receptors (GARs) basing on our studies of EphA2 and T-cadherin (T-cad) and data from other researchers. Introduction: Differential centrifugation recognized as ''gold standard'' for exosome isolation is ineffective in obtaining pure population of exosomes with sufficiently high yield. Moreover, the vesicles size distribution in final pellet is very sensitive to the variation of centrifugation conditions. In contrast, rate zonal centrifugation is not commonly used for exosome isolation though it provides better resolution of particles by size. We performed theoretical analysis of vesicles sedimentation by differential centrifugation and by rate zonal centrifugation. The experimental data on EV sedimentation illustrate the theoretical conclusions. Methods: HT29 and PC3 cell culture supernatants were subjected either to differential centrifugation (300 g for 5 min, 2,000 g for 10 min, 10,000 g for 30 min and 100,000 g for 70 min) or to rate zonal centrifugation in sucrose. Measurements of vesicles sizes and concentrations were done by NTA. TEM was used to determine the morphology of the particles. Results: The theory predicts that up to 50% of the 70Á100 nm population may be cosedimented at 10,000 g centrifugation step. Such a loss is greater in FA rotors, even in case of centrifugation durations adjusted according to rotors k-factors. The sedimentation of exosome-like vesicles at 10,000 g was experimentally confirmed by 30 min centrifugation of pre-purified exosomes followed by qualitative analysis of the pellet and supernatant. The TEM and NTA have revealed the presence of identical particles in both the pellet and supernatant at theoretically predicted ratio. Conclusions: The application of rate zonal centrifugation improves the yield and the purity of exosome population. The protocol for rate zonal centrifugation ensuring separation of exosomes and shedding vesicles can be adjusted for any SW rotor using specially designed web-calculator. Introduction: Exosomes contain a variety of different RNAs including both coding and non-coding RNAs. However, the full RNA repertoire in exosomes and how it compares to that of the donor cell remains largely unknown. Furthermore, how much of this RNA is transferred to other cells also remains unknown. Methods: We used high throughput sequencing (RNA-Seq) to characterize the RNA in exosomes. We isolated exosomes by differential ultracentrifugation from the K562 leukaemia cell line. We then sequenced the RNA from the exosomes and the corresponding donor cells. We have also set up a system to detect potential transfer of RNA (from K562 donor cells to other acceptor cells). Results: We report RNA-Seq data from K562 cells and their corresponding exosomes. We find a strong correlation between the level of mRNA expression in cells and exosomes. We also present results studies investigating transfer of RNA from K562 cells to macrophages. Conclusions: High-throughput sequencing allows for the characterization of the total transcriptome in exosomes in an unbiased manner. We used RNA-Seq to characterize the full RNA repertoire in K562 cells and their exosomes, as well as investigate potential RNA transfer. Introduction: Exosomes are endocytic origin 20Á100 nm membranous vesicles secreted by many cell types into the extracellular compartment. Secretory exosomes contain a characteristic composition of proteins, mRNAs and microRNAs which can be transferred to recipient cells. As exosomes naturally carry RNA between cells, these particles might be useful in gene cancer therapy to deliver therapeutic short interfering RNA (siRNA) to the target cells. Despite the promise of RNA interference (RNAi) for use in therapy, several technical obstacles must be overcome. Exogenous siRNA is prone to degradation, has a limited ability to cross cell membranes and may induce an immune response. Naturally occurring RNA carriers, such as exosomes, might provide an untapped source of effective delivery strategies. Methods: In the current study, the exosomes of human glioblastoma cell lines were examined in vitro by mass spectrometry (MS), 1-and 2-dimensional electrophoresis, immunoblotting, atomic force microscopy and light-scattering methods. The current study employed several original approaches as isolating exosomes from the cultural media by causing exosomes aggregation with phytohemagglutinin. Next, we investigated the possibility of loading exosomes with exogenous cargoes using chemical treatment.
Results: By using these methods, we isolated exosomes that were confirmed by dot-blot analysis for various exosomal proteins including CD63, TGS101 and HLA-ABC. Protein profiles were further analyzed by MS that allowed identifying more than 50 proteins. Also, we demonstrate that exosomes can be loaded with siRNA by chemical treatment and deliver siRNA to recipient cells in vitro. The delivery of fluorescently labelled siRNA via exosomes to cells was confirmed using flow cytometry. Two different siRNAs against RAD51 and RAD52 were used to transfect into the exosomes for therapeutic delivery into target cells. The exosome-delivered siRNAs were effective at causing post-transcriptional gene silencing in recipient cells. Conclusions: We identified by MS and Western blot analysis a novel category of exosomal proteins related to apoptosis: PCNA, p53 and 14-3-3. These proteins were obtain in 5 glial exosome samples but were not detected in exosomes from normal noncancerous cells. Overall, this study suggests the panel of specific brain tumour exosomal markers to help create non-invasive techniques to diagnose disease. As for loading of exosome, the results suggest that exosomes can deliver the siRNA into the target cells, giving an additional evidence of the ability to use human exosomes as vectors in cancer therapy, including RNAi-based gene therapy. Nanoparticle tracking analysis: theory, applications for exosomes research and tips and tricks Evgeniy G. Evtushenko Introduction: In this report, we summarize our experience of nanoparticle tracking analysis (NTA) measurements of various samples including inorganic nanoparticles, liposomes and extracellular vesicles to get the quantitative and reproducible results for particle sizes and concentrations. Methods: Measurements were made with Nanosight LM10 instrument (405 nm laser and EMCCD camera) and Nanosight NS500 instrument (532 nm laser and EMCCD camera). Results: The general idea of proper work with NTA is that all NTA samples are extremely diluted solutions. Typical concentration for NTA of 10 8 particles/ml corresponds to 1.7 pM (picomoles of particles per litre). Two main concerns should be kept in mind: avoiding losing the substance and avoiding contamination. Particle free water is a key factor for good NTA measurement. Water of a good and sustained quality could be prepared with well-maintained MilliQ (or analogous) systems fed with preliminary purified water. Large amounts of particle free buffers could be prepared by slow filtration of 10) buffer concentrate via sterile 0.22 mkm syringe filter with Nylon membrane (which not only retain particles !220 nm, but also adsorbs smaller ones) followed by dilution of this concentrate by particle free water. Intense shaking/vortexing of diluted samples should be avoided as it causes the release of particles from test tube/vial walls with sizes 30Á600 nm and concentrations up to 10 9 part./ml. Both polypropylene (PP) and glass test tube are affected. The effect is batch dependent: 2 different batches of the same PP test tubes release different concentrations of particles during intense shaking/vortexing. Thus samples for NTA should be mixed gently. If shaking/vortexing is unavoidable, it should be done with concentrated solutions ( !10 12 part./ml) with a blank buffer control to estimate contamination level. The last frequent mistake is tips/tubes handling. Touching tips with gloves or opening the test tubes in such a way that the gloved thumb touches the inner part of the tube cap causes the contamination as well. Conclusions: A proper design of the experiment is vital for correct and reproducible NTA measurements. Wrong sample preparation and handling could lead to highly distorted size distribution and concentration of particles being studied. Introduction: ''Smart'' biomaterials that can release cargos upon receipt of an alternating magnetic field (AMF) have been developed (1) . These biomaterials, MNPVs, are created by crosslinking magnetic nanoparticles (MNPs) and phospholipid vesicles using avidin-biotin recognition. Mixing MNPVs with cells within a hydrogel can allow spatiotemporal control over cellular responses (2Á4). We have now explored the use of reversible covalent links to create MNPVs that are able to first release bioactive compounds then ''self-destruct''; dissociation of both the aggregates and the hydrogel. Methods: A novel series of reactive MNPs and lipids have been synthesized. MNPs labelled with either thiol groups or activated disulphide bonds have been shown to react with disulphide-capped or thiol-capped lipids embedded in vesicle membranes. The resulting MNPVs were tested for their ability to release 5/6-carboxyfluorescein in solution.
Results: Thiol-disulphide exchange was a successful method for the creation of a new class of MNPVs that were designed to release their contents upon application of an AMF. Self-destruction of MNPVs will be tested in the future after the composition of the vesicles, and the conditions required has been tuned. Conclusions: MNPVs containing disulphide crosslinks are exciting candidates for the preparation of remotely controlled smart biomaterials. Furthermore, these reversible covalent interactions between phospholipid vesicles and MNPs may provide insight into how theranostic MNPs could be conjugated to extracellular vesicles.
Introduction:
As microvesicle (MV) analysis becomes of increasing interest, better optimization of quantification techniques, namely flow cytometry, is required to improve analysis of the 0.1Á1.0 mm MV population, particularly the smaller MVs. Dedicated flow cytometers are becoming more common and provide greater resolution than commercial flow cytometers for MV analysis. Building a dedicated flow cytometer however is not a viable option for all research groups. Here we describe reversible steps that can be taken to improve the resolution of a FACSAria flow cytometer for submicron particle analysis. Methods: It is important that cytometer changes are easily implemented and reversible for communal machines. Parameter modifications tested were: neutral density filter (NDF), nozzles (100 mm, 70 mm), sheath pressure (20, 35, 70 psi) and core stream pressure (low, medium, high). Megamix FSC and SSC beads were used to track the effects on resolution. Resolution was determined using separation index units, calculated by subtracting population medians and dividing by the sum of standard deviations. Results: SSC resolution can consistently and reproducibly be improved by reducing from a high to low flow rate (mean 53% increase), regardless of sheath pressure or nozzles. Increasing sheath pressure to 70 psi increased resolution with both 100 mm (25% increase) and 70 mm (91% increase) nozzles. Removal of the NDF increased FSC resolution by as much as 1,143%. Whilst the 100 mm nozzle showed higher resolution than the 70 mm nozzle at 35 psi, at 70 psi, the 70 mm nozzle showed a higher resolution (48%) than 100 mm nozzle at 70 psi, and this is thought to be because of the Venturi effect. Conclusions: This work shows reversible alterations on commercial machines can improve submicron particle resolution and therefore improve MV analysis. Although not all changes are viable on all machines, understanding potentially adjustable parameters can aid selecting an appropriate machine for MV analysis.
Cell invitation and photodynamic quality mixed micelles of lipophilic derivatives of natural chlorines with phospholipids in MCF-7 Pavel Mel'nikov 1 Introduction: Due to the increasingly expanding usage of photodynamic therapy (PDT), it is becoming particularly urgent to design new photosensitizers (PS), with high efficiency and low frequency of side effects. It is assumed, that saline-soluble chlorine derivatives, encapsulated in liposomes, can be used as more effective PDT agents. The aim of the study was to identify possible ways of internalization and localization of new lipophilic complexes of a phosphatidylcholine-based conjugate in MCF-7 cells and assess their application in PDT. Methods: We have synthesized 6 lipophilic conjugates of chlorines, in which the lipophilic fragment (either hexadecyl-or cholest-5-en-3b-yloxyethyl-) was linked to 13 1   -,  15 2 -, 17 3 -positions of the macrocycle with formation of corresponding carboxamides. Mixed micelles conjugates, with phosphatidylcholine differing in stoichiometric compositions, were prepared and characterized by absorption spectra, electron microscopy and laser scattering. These micelles were bond to and internalized by human breast carcinoma MCF-7 cells. For further experiments mixed micelles of 17 3 -(hexadecylcarbamoyl) pyropheophorbide conjugate and PC with molar ratio conjugate/PC equal to 1:7 (12.5 mol % conjugate) were used, because these micelles were not accumulated inside the cells. Results: We found that micelles initially localized in the endoplasmic reticulum vesicles but were then exported outside the cells without damage. They were also found in lysosomes.
Their internalization involves several mechanisms (clathrin-dependent endocytosis, caveolin-dependent endocytosis and diffusion) prevalence of each of these mechanisms depends on the liposome size and on the conjugate structure. The PDT effect in the cultured cells depended on the compound of the active compound, intensity and time of laser irradiation. Conclusions: The presented data reveal that modification of the chlorine macrocycle with lipophilic substituents, solubilization of resultant conjugates in an aqueous medium as mixed micelles with phospholipids, and transfer of mixed micelles to the cells is a perspective approach for targeted delivery of chlorine derivatives, which apparently may be used in PDT.
